Introduction
Nowadays, deeply colored and full-bodied red wines are highly valued by Brazilian consumers. For this reason, many winemaking techniques have been developed to improve color extraction allowing obtaining products with market demanding characteristics (PUERTAS et al., 2008) .
The color of young red wines is mainly due to free anthocyanins, self-association, and the copigmentation of anthocyanins with other phenols present in these wines (CAVALCANTI; SANTOS; MEIRELES, 2011). There are two major characteristics of the wine medium that affect the color of wine pigments and consequently influence red wine color; these factors are the pH value of the medium and the susceptibility to color bleaching in the presence of the sulfite ion (BIRSE, 2007) .
The color of red wines is due to a number of factors including the type and concentration of anthocyanins, pH, free SO 2 level, and the extent of polymerization and copigmentation. The color of a red wine continues to change throughout its life and can be affected by a number of winemaking practices and environmental conditions (BOULTON et al., 1998; RIBÉREAU-GAYON et al., 2006) . Darias-Martín et al. (2006) noted that wines made with grapes from warm zones had higher values of polymeric pigments (%P) and lower values of free anthocyanins (%M).
Winemaking practices also help to change the extraction of phenolic compounds and their subsequent reactions in wine. Maceration conditions greatly affect the relative proportion of anthocyanins and flavanols diffusing into the wine (FULCRAND; SALAS; CHEYNIER, 2006). Herjavec et al. (2012) observed that the concentration of total and individual anthocyanins significantly increased with the increase in maceration time.
In Brazil, grape and wine production takes place mainly in the state of Rio Grande do Sul, and the Serra region is known as the traditional wine region. In the last years, new areas have emerged, especially the Campanha region; the climate of this region has adequate rainfall and sunshine to produce good quality wines, as confirmed by numerous studies (DAUDT; MUTTI; KERSTEIN, 1973; MOTTA; 2003) and even by the Brazilian wine industry. The red wines in this region have low acidity and little color intensity, and they are wines to drink while young, even when produced from grape varieties such as Merlot and Cabernet Sauvignon.
The objective of this study was to evaluate the influence of different maceration techniques on the phenolic compounds of Merlot wines, made with grapes produced in two regions of Rio Grande do Sul, as well as to identify the key differences between the wines produced.
All measurements were carried out using a UV 11-000 (Pro Análise) spectrophotometer with quartz and glass cells with 10 mm or 1 mm pathlenght.
The Statistica software program for Windows 5.1 (StatSoft Inc., 1998) was used for data processing. Analyses of Variance (ANOVA) were applied to the results of the means among the wines; the means were statistically separated by the Tukey at 5%. Principal component analysis was used from standardized (auto-escalated) variables to study the relationship between the 20 analyzed parameters using the Pirouette 4.0 software (Infometrix, USA).
Results and discussion
The wine physicochemical parameters are shown in Table 1 . As expected, the type of maceration influenced the pH of the wines tested; and the highest values were found in the wines produced with extended maceration. This is an important fact since the pH values affect directly the equilibrium between red and colorless forms of anthocyanins; at high pH the flavilium cation (reddish color) is converted into uncolored species (BROUILLARD et al., 1989) . The maceration type does not affect acidity and alcohol content, these two variables are related to grape maturity degree; therefore, it can be observed that the grapes showed different degrees of maturation.
Anthocyanins are extracted at the beginning of the process, mainly in the aqueous phase, during maceration at the beginning of alcoholic fermentation (RIBÉREAU-GAYON et al., 2006) ; some studies show that different maceration times did not significantly influence the intensity and hue of color (VRHOVSEK; VANZO; NEMAMIC, 2002) . This finding is in agreement with the results obtained for wine 3, from Serra region (Table 2) . However, for the Campanha wines (1 e 2), there was a different profile extraction ( Table 2 ). The increase in maceration time (extended maceration) resulted in higher amounts of anthocyanins (ANT e TA - Table 3 ) and color intensity for both wines (Table 2) . the musts, (0,2 g.L -1 ) after the addition of 30 mg.L -1 of sulfur dioxide. The fermentation temperature was set at 28 °C. At the end of fermentation, sulfur dioxide was added again (20 mg.L -1 ). After two months, the wines were cleaned and bottled. Four maceration types were tested: short (4 days of skin contact time), control (8 days of skin contact time), extended (15 days of skin contact time), and WBF (whole berry fermentation: destemming, light crushed, and fermented with whole berries for 4 days after that the grapes were completely crushed, remaining in the skins for 8 days). The analyses were performed after 4 months of bottling,.
Alcohol (°GL), pH, and total acidity (g.100 mL -1 tartaric acid) were determined by OIV (OFFICE..., 2010). Total phenolics were determined by the Folin Ciocalteau method (mg.L -1 galic acid equivalent); anthocyanins by the bleaching method (mg.L -1 de malvidin-3-glucoside); and tannins by acid hydrolysis (g.L -1 cianidin chloride) (RIBÉREAU-GAYON et al., 2006) .
The color characteristics, intensity (A420 + A520 + A620), and nuance (A420/A520), were measured directly on the basis of absorption at 620, 420, and 520 nm, registering the measurement in a 1 mm optical path cell and multiplying the results by 10 since the measure is conventionally referred to the optical path of 10 mm (RIBÉREAU-GAYON et al., 2006) .
The contribution of monomeric anthocyanin (%M), copigmented anthocyanin (%C), polymeric anthocyanin (% P), and total anthocyanin (TA) were determined from the method proposed by Boulton (1996) . The wines were adjusted to pH 3.6 (for standardization) and the membrane was filtered (0.45 mm pore size). First, 20 mL of 10% acetaldehyde solution was added to 2 mL of wine sample in order to quantify anthocyanins. After resting for 45 minutes, absorbance was measured at 520 nm. Another 100 µL of wine sample was mixed with 1900 µL of buffer solution pH 3.6. After a few minutes, absorbance was read at 520 nm. For the monitoring of the total amount of phenols, a diluted wine sample (1/100) was read directly at 280 nm (BOULTON, 2013) .
Monomeric anthocyanins (mg.L -1 de malvidin-3-glucoside) and polymeric anthocyanins (mg.L -1 de malvidin-3-glucoside) were calculated by fractionation using C18 Sep-pak cartridges (HO; SILVA; HOGG, 2001).
The methodology described by Mazza et al. (1999) was used to estimate the phenolic content of wine samples. All of the samples were diluted 1:10 with 10% ethanol solution.
The method consisted of mixing an aliquot of 0.25 mL of sample or a standard with 0.25 mL of 0.1% HCl in 95% ethanol and 4.55 mL of 2% HCl. The solution was allowed to sit for approximately 15 minutes before reading the absorbance at 280 and 320 nm using a spectrophotometer. The absorbance at 280 nm was used to estimate total phenolic content (F280), and that at 320 nm was used to estimate tartaric esters (F320). The standards used were gallic acid for total phenolics and caffeic acid for tartaric esters, both in 10% ethanol. As expected, short maceration time led to significantly lower total phenolics (Table 2 ) and TPI (Table 3) for all wines studied. This type of maceration had the highest values of color due to copigmentation (Table 3) . García-Marino et al. (2013) confirmed the effect of copigmentation process on wine color during the early stages of the winemaking; during short maceration, the skins remain in contact with the liquid for 4 days only, therefore copigmentation has become an important factor in this maceration type.
Some facts suggest that the copigmentation level in red wine is independent of the free anthocyanins and total phenol content,; therefore further research other relationship is needed to investigate copigment precursors, such as the non-flavonoid compounds. This explains the highest effect of copigmentation in short maceration, which has less phenolics compounds. DariasMartin et al. (2006) found that copigmented anthocyanins (%C) do not appear to be related to the vineyard location.
The WBF (whole berry fermentation) maceration is used by some wineries, but there are not enough studies on the effects In the present study, the analysis of tannins (TAN) represents the amount of procyanidins; this group of compounds is extracted from the grape skin with the anthocyanins at the beginning of the process of fermentation; however its extraction continues for a longer period due to the location of these in the skin cells. When these compounds are found in the seeds, they are solubilized when the cuticle is dissolved by ethanol (RIBÉREAU-GAYON et al., 2006) . As shown in Tables 2 and  3 , the wines that showed the highest content of procyanidins (TAN), total phenol compounds and total phenol index (TPI)- Table 3 ) were those produced with extended maceration.
These results are in agreement with those found by CerpaCalderón and Kennedy (2008), who evaluated the influence of the degree of crushing in the content of procyanidin in Merlot wines; they found that total procyanidin extraction increased with the time of fermentation in all treatments; in addition, crushing increased the rate at which procyanidins were extracted. ab Means followed by different letters in the same column for each wine are significantly different (p < 0.05). ns = not significant. AM and AP = mg.L -1 malvidin-3-glucoside. Short: 4 days of maceration; control: 8 days of maceration; extended: 15 days of maceration; WBF: whole berry fermentation -destemming, light crushed and fermented with whole berries for 4 days, then completely crushed, remaining in the skins for 8 days.
related to the color intensity of the wines, and all polymeric anthocyanins were important contributors to wine color; however, in the present study, color intensity did not show a direct correlation with any specific parameters. In general, it is known that the polimerization process starts during the winemaking process, and wine 2 shows the highest amounts of polymeric anthocyanins (AP) ( Table 3) , but this has not resulted of this type of maceration. In the present study, it showed very similar results to those of the control treatment (both have 8 days of skin contact time); it was observed, however, that both the anthocyanin content and the color intensity were a little smaller in WBF. Gao et al. (1997) , working with Pinot noir grapes, reported that the total or individual polymeric anthocyanins were directly in terms of the percentage of pigments that do not lose their color upon SO 2 bleaching; this observation suggests that it is not the quantity of SO 2 -stable pigments that contributed the most to the overall red wine color.
The principal component analysis (Figure 1 ) allowed the separation of wines according to origin and type of maceration, and principal component 1 and 2 explain 70.9% of the variation in higher color intensity (Table 2 ). In addition, the wine 2 did not have high value of color due polimerization (%P); the difference between these two parameters is explained by the fact that color due polimerization (%P) determines the amount of pigment resistant to sulfite bleaching, while the amount of polymeric anthocyanins (AP) is related to the size of the molecule. Birse (2007) of the samples. However, the vineyard location seems to be the most important factor; the effect of each maceration type is different according to the wine.
The multivariate analysis (Figure 1 ) enabled to observe that the differences in wines produced in different regions could not be explained by one parameter only. Wine 3, made with grapes from the Serra region, had the highest total acidity, the highest percentage of red (%R), and color intensity (CI). On the other hand, wines 1 and 2, from Campanha region, showed the highest pH, procyanidins, total phenol index (TPI), and total phenols (TF). The pH value seems to be negatively correlated with wine color intensity and percentage of red (abs 520 nm). Thus, the control of wine pH in this region seems to be critical.
These results are in agreement with those found by Zimman et al. (2002) , who worked with four vineyards located in different California viticultural areas and found that fruit composition at one site had more influence on the phenolic compounds than did the maceration treatments. The same conclusion was reached by Puertas et al. (2008) with Tempranillo variety, who found that grape variety, climate conditions, and stage of ripeness directly affect the winemaking process.
The data of the wines from Campanha region were grouped, and the results are shown in Figure 2 . The principal factor 1 and 2 explain 73.6% of the variation. Even within the same region, there is a clear wine separation due to the vineyard location; the maceration type also allowed some separation, but the effect of each type is dependent of the wine analyzed (Figure 2a) . The most important parameters in principal component 1 were the amount of phenols, percentage of red, the amount of tartaric esters, and color due copigmentation.
Principal component 2 enabled to separate the wines especially those made with short and extended maceration time; the most important parameters were percentage of red, color intensity, percentage of yellow, and color hue. However, wines 1 and 2 had different behaviors.
Procyanidins are the primarily responsible substances for the astringency properties in red wines, and this astringency varies with the degree of procyanidins polymerization and galloylation (RIBÉREAU-GAYON et al. 2006 ). This fact (adstringency) needs further studies since the Campanha region wines did not show the highest adstrigency despite the greater amount of procyanidin (TAN) found in these wines.
Conclusions
The localization of the vineyard seems to influence more the wine characteristics than the type of maceration.
The color due copigmentation was important in wines made with short maceration.
The effect of extended maceration was different than expected for the Campanha region wines; an extended maceration time increased the extraction of tannins, resulting in greater color intensity and a greater amount of anthocyanins.
The pH control of the Campanha region wines seems to be a key factor.
